To study the effects of interaction between different components of very high energy eras the scenario of two components warm inflation is reconsidered. It is supposed the tachyon scalar field plays the role of inflaton, which drives inflation and, interacts with the radiation or the photon gas.
I. INTRODUCTION
Inflationary scenario is famed as one of the the best proposals of describing the universe's evolution at very early eras. The first proposal of inflation was introduced by A. Starobinsky based on conformal anomaly in quantum gravity, which was very complicated to describe the primary evolutions [1] . One year later, a much simpler inflationary model was introduced by A. Guth aiming to solve the problems of the hot big-bang theory [2] . This scenario, which is known as old inflation, was suffered from the bubble nucleation problem, however the most important point was the effects of the idea on the later studies. It was very simple and at the same time very elegant which has a deep impact on future cosmological inflationary models. The new inflationary scenario [3, 4] could properly solve the problem of Guth's model, where the scalar field stands at the top of the effective potential and then it slowly rolls down to the bottom. Inflation occurs during these slowly rolling, in contrast to the old inflation where inflation occurs at the false vacuum whereφ = 0. The main problem of the new inflation is that the density perturbations that are generated during inflation are very large and consequently unacceptable. A complete modification of the big-bang theory was presented by invention the scenario of Chaotic inflation [5] , which could solve the problem of both old and new inflations. The scenario describes how inflation could happen for a simple potential like V ∝ φ n .
After that, many inflationary scenarios have been proposed in which non-canonical inflation [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , tachyon inflation [16] [17] [18] [19] , DBI inflation [20] [21] [22] [23] [24] [25] G-inflation [26] [27] [28] [29] , brane inflation [30, 31] could be addressed as some of them. All these scenarios have a similar assumption and therefore the scalar field slowly rolls down to the minimum of its potential. Additionally there is another important point in which the scalar field interacts with other fields during inflation very weakly and hence it could be ignored. The process of particle creation and heating up the universe happen at the end of inflation during preheating and reheating stages, where the scalar field oscillates around the minimum of its potential with time scales shorter than the Hubble time and its energy is drained to other matter fields for instance radiation [32] .
In 1995, a new picture of inflation was introduced by A. Berera which is known as warm inflation [33] . According to warm inflation scalar field is still the dominant component of the universe, however the interaction between scalar field and other fields is not ignored. Accordingly, the scalar field interacts with other fluids and the energy could transform from the scalar field to the other fields. Therefore, there is a particle production mechanism during inflation, and the universe's temperature dose not drop dramatically and suddenly.
Then, the universe remains warm and full of other field's particles in which the scenario of reheating is no longer required, and the universe smoothly enters to the radiation era [33] [34] [35] [36] [37] [38] [39] [40] . There are many literature which have devoted to study different aspects of warm inflationary scenario for different models [33] [34] [35] [36] [37] [38] [39] . In the present work, we are going to reconsider the warm inflation where the tachyon field plays the role of inflaton. The motivation of doing this work can be summarized as follows. The first reason is the recent proposed swampland criteria. The recent studies on effective field theory (EFT) and string theory leads to two swampland criteria [41, 42] : I) imposing an upper bound on the field range, i.e. ∆φ < ∆ (where ∆ is of order of unity), which rise from this belief that the effective Lagrangian in the EFT is valid only for a finite radius; II) putting an upper bound on the gradient of the potential of the field of any EFT, i.e. |V ′ |/V ≥ c (where the most recent studies determines that c could be even of order of O(0.1) [43] ). The second criterion implies that the first slowroll parameter, i.e. ǫ φ = (V ′ /V ) 2 , and the tensor-to-scalar ratio, r = 16ǫ φ > 8c 2 , should not be small. The desire for satisfying these two criteria could roll out some of the inflationary models, however there are still possibility for some other models to survive. The k-essence model [44] [45] [46] is one of them, where r = 16c s ǫ φ and the sound speed c s could be smaller than unity [45] . In this regard for instance the tachyon model which has been inspired from string theory is a subclass of the k-essence models and can be considered as a suitable target to examine the swampland criteria. The other inflationary model which is able to survive the aforementioned criteria is warm inflationary scenario where the first slow-roll parameter is obtained as ǫ = ǫ φ /Q and tensor-to-scalar ratio is found out as r = (H/T ) (16ǫ φ /(1 + Q) 5/2 ) [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] . The parameter Q is well known as the dissipative parameter which in strong dissipative regime is bigger than unity, Q ≫ 1, and also in warm inflation the temperature must be bigger than the Hubble parameter. These two constaints help the scenario to successfully pass the criteria and satisfy them [57] . The second motivation is related to the importance of the tachyon field. After the introducing of tachyon model in cosmological studies [58] [59] [60] [61] , the model has received a huge attention and found a place in all area of cosmology including the inflation [16-19, 62, 63] .
The warm inflation including the tachyon field as inflaton has been studied in [64] [65] [66] [67] [68] , however we are going to reconsider the scenario with a different interaction terms and also working with the Hubble parameter instead of the potential namely Hamilton-Jacobi formalism [62, [69] [70] [71] [72] [73] [74] . The main focuses of the present work are on finding out the consistency of the model with observational data and qualitatively considering its agreement with the swampland criteria as well. In the early eras's soup the inflaton can interact with the matter fields which here it can be assumed to be as radiation. The interaction term includes a dissipative coefficient Γ besides a sum of the energy density and pressure of the inflaton, following [75] . This definition gives the familiar interaction term as we have had for the standard model of warm inflation, but it will be different for depending to the model. However, it leads to the same definition for the dissipative parameter Q = Γ/3H, independent of what type of scalar field is applied. The dissipative coefficient could be a function of the scalar field or temperature, or in some cases both of them. Here, two different choices are picked out for this coefficient. First it is assumed to be only a function of the tachyon field, and in the second case a more general case is considered where it is assumed to be a function of the tachyon field and fluid temperature. The main perturbation parameters are obtained for the model, and in comparison with the latest observational data, it is tried to determine the free constant of the model in order to have a good consistency with the model. The next important step is considering whether the obtained constants for the model is in agreement with the fundamental assumptions of the model; this is an important point that is missing in lots of work, and will be investigated here.
The paper is organized as follows: In sec.II, the dynamical equations of the model are obtained, and the perturbation parameters of the model are considered as well. Then, at the last part of the section, we are going to rewrite the equations for the strong dissipative regime. To compare the model with observational data, two different choices for the dissipative coefficient will be picked out in Sec.III, and they will be investigated in separate subsections. For each case, the free constants of the model are specified using the observational data, and for each case we consider consistency of the results with the main conditions of the model. The results of the model are summarized in the conclusion section.
II. TACHYON MODEL
It is assumed that the geometry of the universe is described by a spatially flat FLRW metric which is filled with a scalar field, the component that drives inflation named inflaton, and radiation. Then, the Friedmann evolution equations is given as
where the reduced Planck mass is taken as M 2 p = 1/8πG = 1. The inflton is taken to be a tachyon field, which based on [61] in aforementioned geometry of our model, its effective fluid is described by a diagonal energy-momentum-tensor,
, with the following energy density and pressure
where dot denotes derivative with respect to the cosmic time, and V (φ) stands as the potential of the tachyon field.
During the warm inflation, due to the interaction between the fluids, the energy conservation equation of each component is modified as [75] 
in which Γ is the dissipation coefficient that could be a function of scalar field and temperature. The radiation part has a well-known equation of state as p r = ρ r /3. Using Eq.(2) and
the Friedmann equation (1), the term on the right hand side is obtained as 3ΓH 2φ2 , which is different with the corresponding equation in [64] [65] [66] [67] [68] . This difference leads to the usual definition of Q ≡ γ/3H which is appeared in next equations.
Applying the tachyon energy density and pressure on the conservation equation (3), results
in an equation of motion for the tachyon field, given as
where prime denotes derivative with respect to the tachyon field φ, and derivative with respect to the cosmic time is indicated with dot.
During the inflation, it is assumed that the tachyon field dominate over radiation energy density in order to have acceleration phase, namely ρ φ ≫ ρ γ . Then, the Friedmann Equation
(1) could be rewritten as
Taking time derivative from above equation and using Eq.(3), one arrives aṫ
Assuming that the Hubble parameter is a function of the tachyon field, i.e. H := H(φ), and by using the fact thatḢ := H ′φ , the time derivative of the field is found out aṡ
Another assumption in the scenario of warm inflation is quasi-stable production of the radiationi.e.ρ γ ≪ 4Hρ γ , Γφ 2 , in which by imposing this condition on Eq.(4), the radiation energy density is obtained as
in which T is the temperature of thermal bath and α is Stephen-Boltzman constant.
The first slow-roll parameter for the tachyon warm inflation is defined as ǫ ≡ −Ḣ/H 2 that by using Eq.(8) it comes to
The second slow-roll parameter is ǫ 2 ≡ −ǫ/Hǫ which after manipulation, one can arrives at
so that the parameter η and β is expressed as follow
As the Hubble parameter is given in term of the scalar field, one can extract the potential of the model from the Friedmann equation (1), by using Eqs.(2) as
where the Eqs. (8) and (10) have been applied.
Amount of universe expansion during the inflationary times is given by number of e-fold
parameter which is defined as
where the subscript "e" in φ e denotes the tachyon field at the end of inflation.
Cosmological perturbations is known as one of the most important prediction of inflation.
These perturbations could in general be divided to three types as scalar, vector, and tensor where the vector type is usually ignored due to the fact that it depends on the inverse of the scale factor and will be diluted exponentially during inflation. The primordial seeds of large scale structure of the universe is believed to be the scalar perturbations that are produced during inflation, and there are some exact data for them. In the warm inflationary scenario, there are both quantum and thermal fluctuations but it is assumed that the thermal fluctuations overcomes over the quantum fluctuation. The power-spectrum of these fluctuation for the tachyon model is given by [64] 
in which δφ is the fluctuation in the inflationary field, and the parameter χ is defined as
in which for our modelΓ is equal to 3ΓH 2 which is clear from Eq.(5). The scalar spectral index, that is defined as P s = P ⋆ s k/k ⋆ ns−1 , is another observational parameter that measures the scale-dependency of the power-spectrum, in which n s = 1 indicates the power-spectrum is scale independent. This parameter is defined as the derivative of the power-spectrum
Another type of the primordial fluctuations are the tensor one, which also known as the primordial gravitational waves. Since the fluid has no role in the tensor perturbations equation, the power-spectrum of tensor perturbations is obtained same as the cold inflationary scenario as P t = H 2 /2π 2 [65-67, 76, 77] . However, the tensor perturbations are measured indirectly through the parameter r which is defined as the ratio of the power-spectrums of the tensor perturbation to the scalar perturbations, r = P t /P s . In contrast to the scalar perturbations, so far, there is no exact data for this parameter, and there is only an upper bound for it.
A. Strong Dissipative Regime
Depend on the value of the dissipative parameter Q, the study of warm inflation could be divided into two regimes as strong dissipative regime (SDR) and weak dissipative regime (WDR); respectively correspond to Q ≫ 1 and Q ≪ 1. For the rest of the work, the model is considered only for SDR where one can use the approximation (1 + Q) ≃ Q in the equations.
In warm inflation, thermal fluctuations dominates over quantum fluctuations and the corresponding fluctuations in scalar field is given by
. Plugging this into Eq. (14), the scalar perturbations in SDR becomes
in which the defined parameter χ for this regime is reduced tõ
Then, the scalar spectral index n s , that is related to the power-spectrum of the scalar perturbation via (16) , is acquired in terms of the slow-roll parameters as
note that the spectral index is obtained up to the first order of slow-roll parameters.
Using Eq.(17) and tensor power-spectrum, the tensor-to-scalar ratio is obtained as
In the next section, two typical example is considered for the dissipative coefficient Γ, and also, the Hubble parameter is assumed as a power-law function of scalar field, i.e.
III. CONSISTENCY WITH OBSERVATION
To go further, it is required to compare the model with observational data [78] [79] [80] , and check its consistency with the latest data. In this regard, the dissipative coefficient Γ should be specified which could be a function of the scalar field, or in more general case, it could be a function of both scalar field and fluid temperature. In the following subsections, we are about to consider both cases. 
The first slow-roll parameter ǫ is defined in (10), which now is determined completely by substituting the introduced dissipative function. Inflation ends as slow-roll parameter ǫ reach unity. Then, at the end of inflation, the scalar field is read as
The scalar field at the time of horizon crossing could be obtained through the number of e-fold (13) , which by using the above result, it is extracted as
where ⋆ indicates the time of horizon crossing. Then, the slow-roll parameters, at this time, are obtained as
Applying these results on Eq. (19), the scalar spectral index at the time of horizon crossing is given by
stating that the scalar spectral index only depends on the constants n and m. On the other hand, by solving the integral (18) for the given functions of the dissipative coefficient and the Hubble parameter, and substituting the result in Eq. (17), the power-spectrum is read as
in which by applying Eqs. (23) and (24), the above power spectrum is obtained for the time of horizon crossing. Using above equation and the tensor power-spectrum, the tensor-to-scalar ratio is easily derived, so that
where with the same method as aforementioned, the parameter r could be computed for the time t = t ⋆ . A fast conclusion that one could make from Eqs. (28) and (29) Planck r − n s diagram, there is an exact value for the amplitude of the scalar perturbations, and there is some statements about the energy scale of the inflation. Let us first find the constant H 0 from the energy scale of inflation which is given by the potential (12) . During the inflation, the slow-roll ǫ is smaller than unity and also the dissipative parameter Q is large because we are standing in SDR. Then, the second term could be ignored with a good approximation. By doing this simplification, the constant H 0 is obtained as
in which, here, V ⋆ is the energy scale of inflation (or the potential at the time t = t ⋆ ). Then, where the defined parameter D is
Applying above results for the model constants, i.e. Eqs. (30) and (31), it is realized that both perturbation parameters n s and r now depend only on n and m. The last data we are about to use is r − n s diagram of Planck [80] . To do so, two ranges are assumed for n and m, then by a little programming we are going to obtained the values of these two constants in which the model predictions about r and n s stand in consistency with data. Fig.1 illustrates this range of the parameters in which for the dark blue color determines an area of n and m that our model is going to be in agreement with 68% CL of Planck r − n s diagram, and the light blue color is related to 95% CL.
Finding the values of the constants n and m, in which the result be match with data, is not the whole story. It should be noted that there were two important assumptions: first is that in the warm inflationary scenario it is assumed that the thermal fluctuations dominates over the quantum fluctuations. This assumption is described by the condition T > H. By imposing this condition on the obtained values of (n, m), we actually find an area of the parametric plot in which for each point of that there will be a good match with data and at the same time the condition T > H will also be satisfied. This area is plotted in Fig.2a . The second assumption is that we restrict the work to the SDR, where the dissipative parameter is bigger than one, Q > 1. Following the same method, one could find an area of the parametric plot in which for every point of that the SDR condition is well satisfied and also there will be a consistency with data. This parametric area is illustrated in Fig.2b . This value will be the common part of above three figures, given in Fig.3 which is small range of n and m. Then, it is clearly seen that even though at the first step we could find a bigger range for the parameter n and m, however, the area gets smaller by applying the model conditions. The final result shows that only for small range of the parameter (n, m) the model comes to an agreement with data and at the same time satisfies the conditions which was assumed at the first step.
The behavior of T /H and the dissipative parameter Q are depicted in Fig.2 for different values of n and m. It is realized that by passing time and approaching to the end of inflation In this section we consider a more generalize case so that the dissipative coefficient is a function of both tachyon field and temperature. A common choice is [76, 81, 82 ]
The temperature of the fluid could be found in terms of the tachyon field from the following relation
where the time derivative of the field is obtained from Eq. (8) . Using the definition of the dissipative coefficient, the temperature is expressed as
Inserting this result in the definition of Γ (32), the parameter is read in terms of the scalar field as
whereΓ
the main goal for rewriting the parameter in this form is to have a close comparison with the previous case. The scalar field at the end of inflation is derived from the relation ǫ = 1, which indicates the end of acceleration expansion phase. Then, following the same process and by using the number of e-fold relation (13) , the scalar field at the time of horizon crossing is achieved. The scalar field at these two times are given by
Substituting above relation in the definition of the slow-roll parameters, one could compute these parameter at the time of t = t ⋆ which have the same form as the previous case
and by substituting them in (19) , the scalar spectral index is obtained
which states that the parameter depends on the model constants n and m. The powerspectrum of the scalar perturbation and tensor-to-ratio have the same form as they were obtained in Eqs. (28) and (29) where Γ 0 and m are respectively replaced byΓ 0 and b.
To examine the validity of this case, the results should be compared with data to consider if there are desirable values for the free parameters of the model. It should be noted that we are looking for desired values of n, m, H 0 , and Γ 0 . Then, the defined constantΓ should be replaced from Eq. (32) . As the first step, the energy scale of the inflation is utilized to determine the constant H 0 , which comes to the following expression
Substituting above relation in the power-spectrum of the scalar perturbation, and compute the power-spectrum for t = t ⋆ , one could also specify the other constant of the model, so
where the defined constants are expressed as
Inserting Eqs. (41) and (42) in the tensor-to-scalar ratio, one arrives at
in which the p is defined as
Then, from Eqs. (41) and (42), it is clear that the tensor-to-scalar perturbation (43) , which is computed at the time t = t ⋆ , depends on the constants n and m. On the other hand, the scalar spectral index (40) only depends on these two constants. To clarify the valid values of these two parameter we are going to use the Planck r − n s diagram. First, we select a range for them, and for every point of these range, i.e. every (n,m) point of the selected area, we derive r and n s and compare the result with r − n s diagram. If the result stands in 68% or 95% CL, we keep the point, otherwise it is thrown out. Repeating these process for all point of the area by using a programming software, one arrives at an area of (n, m)
in which for every point of this area the result for r and m stands in good consistency with data. Fig.5 displays this area for the present case.
The next step is to examine whether this values of (n, m) are consistent with the assumptions, i.e. T /H > 1 and Q ≫ 1, that were made on the model. The fluid temperature is given in Eq. (34) , and the dissipative parameter for the case is read as
Inserting φ ⋆ and by using Eqs. (41) and (42), both temperature and the dissipative parameter are expressed in terms of the constants n and m. Further investigation determines that the above range that was obtained for (n, m) is perfectly in agreement with our conditions. To have a better insight about these two conditions, Fig.6 displays the behavior of T /H and Q for different choices of n and m. The figures clearly display that T /H increases by passing time and approaching to the end of inflation, while the dissipative parameter Q completely shows a different behavior so that it begins from high values and then reduces. However, the most important point is that during the inflation, they are always much bigger than one which perfectly satisfy the condition that were imposed on the scenario.
To have a numerical insight to the result, the perturbations parameters of the model and also the temperature and dissipative parameter are presented in Table. II, where they are found out for different values of n and m. One of the best candidate of quantum gravity might be string theory which provides a landscape containing consistent low-energy effective field theories that could formulate quantum theory. There is also a larger region which surround the aforementioned landscape, known as swampland. The inconsistent low-energy effective field theories that live in swampland are in contradiction with string theory. A desire for having consistent effective field theories, those that do not live in swampland, eventually results to some conjectures which the newest once are known as "Swampland Criteria" which have been proposed recently in [41] , and it has been refined in [42] . In brief, they are as follows:
• C1: The distance conjecture: it is an upper bound that confines the scalar field excursion in the field space as
• C2: The de Sitter conjecture: it imposes a lower bound on the gradient of the potential stating that slope of a positive potential, V > 0, of the scalar field should satisfy the following bound
and the refined version of this conjecture is given by
note that we are working in Planck units where M p = 1. The exact value of the constant c depends on the detail of the compactification which states that it could be larger than √ 2. However, further investigation shows that it could be smaller than one, even of order O(0.1), and the important point is that it should be positive [43] .
On the other hand, it is believed that inflation occurs at the energy level below the Planck energy scale, where it could properly be described by low-energy effective field theory [57] .
Therefore, it is our interest to build the inflationary model in the framework of a consistent low-energy effective field theory that stands in landscape. In this regards, despite having agreement with the observational data (that have been investigate before), the inflationary model should also satisfy two swampland criteria. In the previous sections, the warm inflationary scenario was considered in SDR where the tachyon field had the role of inflaton. In comparison with the observational data, the constants of the model were determined. Now, we are about to find out whether the obtained results put the model in consistency with the swampland criteria.
In the first case, where the dissipation coefficient is picked out as a power-law function of the scalar field, a narrow ranges is obtained for the constants n and m in which only for these values the model comes to an agreement with observational data. However, for these values of n and m, the difference of the scalar field at the time of horizon crossing and end of inflation is of order Q(10) or sometimes even larger, i.e. Q(10 2 ); it is clear from the Table. I.
Therefore, it could be concluded that although the model is in good consistency with observational data, it does not satisfy the first swampland criterion. The result is different for the second case of dissipation coefficient, where the the parameter Γ is a function of both scalar field and temperature. The determined values of n and m state that the scalar field values at the end of inflation and also at the beginning of the horizon crossing time are smaller than one (Table. II shows this conclusion), which in turn indicates that the field excursion during inflation is smaller than one which is in agreement with the first swampland criterion.
The second criterion has received more attention in the literatures since it seems to be in direct tension with one of the fundamental assumptions of the standard inflationary scenario. The standard inflationary scenario is usually explained by means of the slow-roll parameters. The slow-roll parameter ǫ is defined as ǫ ≃ V ′2 /2V 2 , which first of all should be smaller than unity to have accelerated expansion phase, and then according to the standard inflation, where the slow-rolling is guaranteed by the flatness of the potential, the parameter should be much smaller than one. On the other hand, based on the second swampland criterion it should be larger than a constant c that is of order of unity, however c ≈ 0.1 could also work properly. Taking the latent value, the slow-roll parameter ǫ is obtained as ǫ = 0.005 (for the best case) which is small enough to give a desire accelerated expansion phase. But the problem encounters when we are going to examine the tensor-to-scalar ratio r with data. Based on the standard inflation model, the parameter is given by r = 16ǫ which for the aforementioned value of ǫ it is acquired about r = 0.08 that is in tension with observational data. The problem might be solve for generalized model of inflation such as k-essence and multifield inflation. In the k-essence model of inflation the tensor-to-scalar ratio is modified as r = 16c s ǫ where c s is the sound speed that could be of order of 0.1 [43] .
In addition, warm inflation, especially when the model is considered in SDR, could suits the swampland criteria. In the warm inflation, the first-slow-roll parameter is generalized as ǫ = ǫ φ /Q where ǫ φ is the same slow-roll parameter that we have in cold inflation, i.e. ǫ φ = V ′2 /2V 2 and Q is the dissipative parameter which is much larger than unity in SDR.
Then, the second swampland criteria implies that there should be ǫ φ = Qǫ > c 2 /2. Here, we worked with the tachyon field as the inflaton, where the first slow-roll inflation is given by Eq.(10) in terms of the Hubble parameter. The potential of the field is related to the Hubble parameter through the relation V (φ) = 3H 2 1 − 2ǫ/3Q. Since, the first slow-roll parameter ǫ is small also dues to the fact that we are working in SDR, the last term could be ignored in which with a good approximation we have V (φ) = 3H 2 . Therefore, the gradient of the potential is given by V ′ /V = 2H ′ /H, and by applying Eq.(10) the second criterion is read as
According to the second swampland criterion, gradient of the potential should be larger than the constant c that is or order of unity. From Table. I, that determines the values of the parameters of the model for the first case of the dissipation parameter, it seems unlikely to arrive at a consistency between the model and the criterion. To have a better understanding, Fig.7 displays the gradient of the potential versus the number of e-fold N from the beginning of inflation to the end. It clearly indicates that the potential gradient increases by approaching to the end of inflation however it never reaches to one. The first case of the dissipation coefficient that was studied in the previous case could not satisfy even one of the two swampland criteria and it is in direct tension with them, Although the case is in good agreement with observational data. The situation is different for the second case that is mostly because of the high value of the dissipative parameter Q for the case. The potential gradient of the field for this case is depicted in Fig.8 , where it is clearly realized that ∆V /V is clearly bigger than one during the whole time of inflation and the second swampland criterion could be properly satisfied. Then, the second case of the dissipation coefficient, the model could satisfy both swampland criteria and at the same time it has a good agreement with observational data.
V. CONCLUSION
The scenario of warm inflation including the tachyon field as the role of inflaton has been considered. In this scenario it has assumed that during the inflation there is another fluid, photon gas, besides the inflaton, in which these two components interact and the energy is transferred from inflaton to the fluid. The interaction term includes a dissipative coefficient plus the sum of energy density and pressure of the inflaton, which for the case of the stan- dard model of scalar field it came back to the familiar term Γφ 2 . This type of interaction will be different for each model, however it comes to the same dissipative parameter, Q = Γ/3H regardless of the type of the scalar field model.
Warm inflationary scenario usually is considered in two different regimes as weak dissipative and strong dissipative regimes respectively correspond to the value of the dissipative parameter as Q ≪ 1 and Q ≫ 1. In the presented work, only the strong dissipative regime was considered, in another word, it was assumed that during the inflation the dissipative parameter Q is bigger than one. Imposing this assumption, the main dynamical and perturbation parameters for the model were derived, and to examine the validity of the model two different choices of the dissipative coefficient were studied. The dissipative coefficient is a function of the scalar field or temperature or both. Here, two different choices were taken for Γ in which for the first case it was taken as a function of the tachyon field, and in the second case, a more general case was studied where it was a function of tachyon field and temperature.
The model was investigated in more detail for both cases of dissipative coefficients and the free constants of the model were determined using the observational data. First, the constants H 0 and Γ 0 are determined through the energy scale of inflation and the amplitude of the scalar perturbations. Then, by using these results and substituting them in the tensor-to-scalar ratio, it resulted that both the scalar spectral index and tensor-to-scalar ratio only depend on n and m. In comparison with the Planck r − n s diagram, an area of (n, m) was found in which for every point in this area the model result about r and n s is in great agreement with observational data. However, to get a final result it also should be considered if this obtained area of (n, m) also gives T /H > 1 (indicating the domination of thermal fluctuation over quantum fluctuations) and Q > 1 (which states that the scenario stands in strong dissipative regime). These two inequalities are two assumptions that were imposed on the model from the very beginning step. Examining these conditions for the first case determined that the obtained (n, m) area reduced dramatically and only for a very small area of (n, m) the model is consistent with observational data and at the same time satisfy the two main conditions that were imposed on the model. The second case is a little different and every point in the obtained (n, m) area could also satisfy both conditions.
The model was built based on two fundamental assumptions. The first was the domination of the thermal fluctuations over the quantum fluctuation indicating by T > H and the second was confining the scenario to the SDR where Q ≫ 1. Therefore, the obtained results should be in agreement with these two assumptions otherwise there will be an inconsistency in the model. They were examined for both cases, and it was determined that only a small region of the n − m diagram of the first case could satisfy these two conditions, while for the second case, all the (n, m) points of the obtained region could properly fulfill the fundamental assumptions of the model.
The final part of the work was related to the two recently proposed swampland criteria which it is believed that every inflationary model should be consistent with them, although they are not completely approved yet. There are two conditions that put an upper bound on the distance of the scalar field and the second condition imposes a lower bound on the gradient of the potential of the scalar field. The warm inflationary scenario is assumed as one of the inflationary models that is assumed that could properly satisfy these criteria mostly because of the presence of the dissipative parameter Q that is larger than one in SDR. However, to have a precise understanding of it, the model should be examined quantitatively. In this regard, both cases of the dissipation coefficient that were studied, have been examined which determined that the first case could not satisfy even one of the criteria, on the other hand for the second case, where the dissipation coefficient is a function of both the scalar field and the temperature, the model properly satisfies both swampland criteria.
